Introduction
The world's forests provide fundamental protection of soil and water resources and provide multiple ecosystem services as well as cultural or spiritual values. The Food and Agriculture Organization (FAO) of the United Nations reported in Global Forest Resources Assessment (FRA) 2010 that 8% of the world's forests had been primarily designated for protection of soil and water (FAO, 2010b) . The public awareness of these forest functions has been growing over last few decades (WHO, 2005 conference spurred people to promote a variety of activities for sustainable forest management. Chapter 11 of Agenda 21 (''Combating Deforestation'') is particularly relevant in this context. In the summary of this chapter, Keating (1993) writes: ''forests are a source of timber, firewood and other goals. They also play an important role in soil and water conservation, maintaining a healthy atmosphere and maintaining biological diversity of plants and animals. . . there is an urgent need to conserve and plant forests in developed and developing countries to maintain or restore the ecological balance, and to provide for human needs''.
It is generally accepted that forests and trees, in undisturbed form, provide the greatest vegetative protection against erosion from rain, wind, and coastal waves (Broadhead and Leslie, 2007; Hamilton, 2008) . Accordingly, they also significantly contribute to the reduction of downstream sedimentation (Fu, 1989) . The root system of the trees creates increased soil strength (Greenwood et al., 2004; Reubens et al., 2007) . Forests and trees contribute to the preservation of a good soil structure thanks to the protection against splash erosion (provided the litter layer and the understory vegetation are maintained) and maintenance of robust biological activity in the soil (Binkley and Fisher, 2013) . In this context, forests and trees also contribute to the mitigation of risks of shallow landslides. However, deep-rooted mass movements triggered by tectonic events cannot be prevented by forests and trees (Hamilton, 1986; Government of Japan, 2002; Dolidon et al., 2009 ).
Clean water is becoming more recognized as one of the most important environmental services provided by forests and trees (FAO, 2013) . At least one third of the world's largest cities draw a significant proportion of their drinking water from forested areas (FAO, 2013) . It is also well established that forests play a crucial role in the hydrological cycle. Forests influence the amount of water available and regulate surface and groundwater flows while maintaining high water quality (Aust and Blinn, 2004; Hamilton, 2008) . Forests and trees contribute to the reduction of waterrelated risks such as floods and droughts and help prevent desertification and salinization (FAO, 2013) . However, there is sufficient scientific evidence that forests are not able to prevent or even reduce medium to large scale floods (FAO and CIFOR, 2005; Hofer and Messerli, 2006; Hamilton, 2008) . Policy makers have voiced concern about the effectiveness and limitation of these regulating and provisioning services of forests (Cubbage et al., 2007; Collaborative Partnership on Forests, 2014) .
In the context of climate change and the resulting increased incidence of natural hazards, the soil and water protection function of forests and trees is becoming increasingly important. For the maintenance and sustainability of this function, forest management through a watershed (landscape) approach is very important (Kammerbauer and Ardon, 1999; Postel and Thompson, 2005) . Watershed management includes the management of all available natural resources (including forests) in a comprehensive way and makes the link between natural resources management and the improvement of livelihoods. It provides a framework to organize different land-uses (forestry, pasture, agriculture) in an integrated way (Turner, 1989) . Watershed management contributes to the reduction of risks of natural hazards, such as landslides and local floods, and creates local resilience against climate change as well as adaptation options (FAO, 2006b (FAO, , 2007 .
The soil and water protection function of forests and trees offers significant scope for the establishment of payment for ecosystem services (PES) schemes. PES has been developing rapidly under the framework of the Convention of Biological Diversity (CBD) supported by Millennium Ecosystem Assessment and environmental economics (ex. Costanza et al., 1997; Kumar, 2010) . In the context of large economic losses by floods and sediment disasters, the calculation of ecosystem values of services related to soil and water protection provided by forests and trees is getting increased attention and importance. FAO (2008) conducted an interesting practical experience of compensation mechanisms for water services provided by forests in Central America and the Caribbean, however its calculation remains a challenge (FAO, 2004b) . Recent advances in Clean Development Mechanism (CDM) and Reducing Emissions from Deforestation and Forest Degradation (REDD) in the 2000s under the UN Framework Convention on Climate Change (UNFCCC) also require a reliable reporting of objective forests (REDD Research and Development Center, 2012) . Demand for reporting multiple functions of forests has increased in importance based on these rising social concerns in the field of environmental economics.
FRA, the only statistical forest database covering the whole globe, has attempted to assess the extent of protective forests in the world. The inclusion in FRA of the protective function of forests gradually developed in parallel with the increasing importance for the global community assigned to this function. FRA first introduced a concept of 'protective function' of forest as non-wood benefits in FRA 1990 only for developed countries (FAO, 1995) and made the first comprehensive report of protective functions of forest in FRA 2005 as ''More than 300 million hectares of forests are designated for soil and water conservation '' (FAO, 2006a) . In the report of FRA 2015, FAO created separate main categories for protective functions and selected ecosystem services since 1990 (FAO, 2012 ). An initial evaluation of the status and trend of forest protective functions over the past twenty-five years can provide the basis for further detailed analysis of the importance of these forest functions to the international forestry community and other related environmental sciences.
In this paper we analyze the FRA reported data in two main categories of protective functions and selected ecosystem services. In addition, we analyze the status and trend data in several protective forest sub-categories. We tested the effects of sub-regional, latitude-affected climatic, and socio-economic differences and temporal changes on the main category and sub-category protective forest variables according the FRA reporting framework (FAO, 2014a) . The trend analyses are based on percentages of total forest area or total land area and not on absolute forest area. We also discuss, as case studies, the status and trend of protective forests in selected countries located in different regions and climatic domains. Finally, we discuss key findings and future recommendation to FRA for improving the reporting of protective functions and ecosystem services.
Methods

Data source and compilation
The FRA 2015 dataset (http://www.fao.org/forestry/fra/fra2015/ en/) is described by MacDicken (2015) . We used FRA 2015 data submitted by countries in response to the question ''How much forest area is managed for protection of soil and water and ecosystem services? '' There are two main categories and ten sub-categories of protective forests designated for specific purposes of providing protection against events that damage forest resources as well as for providing various types of ecosystem services. The main categories are protective forests for soil and water resources and protective forests for delivery of ecosystem services. Within the soil and water resource protection category are protective forests for the subcategories of (1) clean water, (2) coastal stabilization (3) desertification control, (4) avalanche control, (5) erosion and flood control, and (6) other control. Within the ecosystem services category are protective forests for the sub-categories of (1) public recreation, (2) carbon storage, (3) cultural services, and (4) other services (excluding Table 6 for conservation of biodiversity).
Data analysis
Protective forest area data are reported in kilohectare (kha) units for each country that provides such information. These area data range more than six orders of magnitude because of the large variation in land area and forest areas within a country and are non-normally distributed. To compare protective forest areas among countries of such large size variability, area data were calculated as percentages of total land area (remains invariant over total 25-y reporting period) for each country and as percentages of total forest area (which may change over reporting period). This enabled us to avoid too much influence by a few large countries. Protective forest areas were also calculated on a per capita basis. Expressing the protective forest area data as a % of total land area or forest area basis allows for comparisons among countries of vastly different sizes and has the added advantage of producing a more normal data distribution. We referred to sum of areas of main or sub-categories of protective forests and its proportion to total forest area or land area in those cases where we need to clarify the absolute status of protective forests.
Statistical data analysis for this paper was generated using SAS software, version 9.4 of the SAS System (Ó 2013, SAS Institute Inc., Cary, NC, USA). The SAS generalized linear mixed model (GLIMMIX) software was used to test for differences among global sub-regions (northern Africa, eastern and southern Africa, western and central Africa, western and central Asia, east Asia, south and southeast Asia, Europe, Caribbean, Central America, North America, South America, and Oceania), climatic domains (polar, boreal, temperate, subtropical, and tropical), income level (low, low middle, high middle, and high), and report years (1990, 2000, 2005, 2010, and 2015) for each protective forest sub-category with the data expressed in terms of % of total land area, % of forest area, and on a per capita basis. Normal distribution of the residuals was tested using the Pearson graphs panel. The Tukey option was used to test for statistically significant differences among the least-square computed means. Because the various forest area categories were expressed in terms of ratios (% of land area, % of forest area, per capita), any countries with blank values for the denominator values (land area, forest area, or population) result in an undefined ratio. These were omitted from the data analysis. Some countries report 0 values in the various protective forest categories. Since these are real data entries, these were included in the data analysis.
Income level classification for testing protective forest differences among income class is from the 2013 World Bank dataset and is based on per capita annual income (MacDicken, 2015) . Income classes are low ($1035 USD or less), lower middle ($103 6-$4085 USD), upper middle ($4086-$12,615 USD), and high ($12,616 or more).
We acknowledge that there is considerable variation in data quality from all the reporting countries. FAO has addressed this problem by data quality tiers to all the main category data from each reporting country (MacDicken, 2015) . Two types of tier evaluation were introduced. One is status of reliability of data acquisition and the other is reported trend over 5 report years. Tier 1 data are the least reliable, tier 2 data are considered moderately reliable, while tier 3 data are considered the most reliable. Countries were asked to assign tier values for each of the main protective forest categories (soil and water resources and ecosystem services) in the country reports, which were independently peer-reviewed by FAO staff, partners and external experts (MacDicken, 2015) . We used the tier data of status and we summarized the number of countries in each tier category by domain.
To provide detailed examples of the reporting of protective forest data into the FRA database, we selected five large area case study countries to represent a cross-section of the major global regions and climatic domains. These are Australia (Oceania region, subtropical domain), Canada (North and Central American region, boreal domain), China (Asian region, temperate domain), Kenya (African region, tropical domain), and the Russian Federation (Europe region, boreal domain). Russia is a special case, geographically. It is included in the global region of Europe in the FRA database, but because it stretches across a wide longitudinal area, it also includes large land area in Asia. All five countries report data quality in the tier 2 or 3 reliability categories. Thus, countries with the least reliable data tier were excluded from these detailed case studies.
Results
Protective forests for soil and water resources
Globally, the Earth has about 3.999 billion ha of forest area as of the 2015 report year, a decline of about 0.129 billion ha since 1990 (Fig. 1 top) . Of this total forest area, as of 2015, about 1.002 billion ha (25.1% of global total forest area) has been designated by the various countries and territories for the protection of soil and water resources, an increase of 0.181 billion ha since 1990. At least part of the increase is due to more countries reporting protective forests (114 in 1990 vs 139 in 2015 out of 234 recognized countries and territories) ( Table 1 and Fig. 1 top) . In percentage terms, global forest area has still declined (Keenan et al., 2015) from 32.3% of total land area in 1990 to 31.3% of total land area in 2015 (Fig. 1  bottom) . On the other hand, protective forest area remained fairly constant over the same time interval with a mean of 35.9% of total forest area (Table 2 and Fig. 1 bottom) Total forest area, % of total land area Protective forest area, % of forest area Fig. 1 . Global forest area, forest area designated for protection of soil and water resources, and numbers of reporting countries by report year (top). Mean ± std err global forest area as % of total land area and mean ± std err soil and water protective forest area as % of forest area by report year (bottom).
( Fig. 2) . The number of countries reporting a median value around 50% was very small. The U-shaped double peak distribution pattern did not change through 25 years. Neither main category of protective forests (for protection of soil and water resources (Fig. 3) or for delivery of ecosystem services (Fig. 4) ) showed significant trends over the reporting time interval when expressed as a % of total forest area. Sub-category trends in Figs. 3 and 4 are described below under the various sub-category headings.
No significant differences among global sub-regions for soil and water protective forest area were observed when expressed either as a % of land area or as a % of forest area because of the large variation across countries within a region. Similarly, there were no significant differences among the climatic domains for protective forest area as a % of forest area. Polar countries (only two territories, Greenland (Denmark) and Svalbard and Jan Mayen Islands (Norway), are classified as polar) did not report any forest area. Per capita protective forest area was also calculated and tested for significant differences among global sub-regions. None were Table 2 Global mean ± std err protective forests (as % of total land area and % of forest area) by category and sub-category for all report years and proportions of land and forest area in each category and sub-category as of 2015 (e.g., Total ha for protection of soil and water resources/total global land area or forest area in ha Â 100). Total hectares were obtained by summing the corresponding hectares for all reporting countries. Protective forests for soil and water resources, % of forest area Histogram distribution of numbers of countries reporting protective forests for soil and water resources as % of total forest area (top) and protective forests for delivery of ecosystem services as % of total forest area (bottom). Number of countries were summed for all five report years.
found. Similarly, no significant differences among income class for soil and water protective forest area were found either as a % of land area, % of forest area, or on a per capita basis. Thus, neither sub-regions, climatic domain, nor income class can account for the variation in protective forest area among countries at the main category level. Relationships between soil and water protective forest area (as % of forest area or on a per capita basis) and a select group of other FRA database variables were explored. No relationships were found between protective forests (% of forest area) and production forest area, cumulative forest area damaged by outbreaks (e.g., diseases, insects, severe weather), or forest areas with management plans. On a per capita basis, no relationships were found between protective forests and non-wood forest products, forest revenue, or public expenditures on forests.
Clean water
Approximately 3.4% of global forest area has been primarily designated for the protection of clean water ( Table 2 ). The number of countries reporting more than 0 ha in this sub-category was 32, which was the one of two largest (along with the flood control sub-category) among soil and water protection sub-categories (Table 1) . These forests in this category are found in all the subregions except for Central America and North Africa, and most abundant in the European region, where 2.7% of the forest area is primarily designated for water protection. Among them, Japan has designated 24-37% of its forest land area for delivery of clean water from 1990 until 2015 (Table 3) . Uruguay ranks second at 20-34% for the same time interval. The most noticeable changes in the reporting period from 1990 to 2015 occur in Europe, Oceania and South America. In Europe, there was a sharp increase in forest for water protection in Russian Federation (from 4.1% in 1990 to 6.3% as of 2015); a small decrease in this forest protection category occurs in Bulgaria. In Oceania, forests designated for water protection were 0.5% in 1990, which increased to 4.8% initiated by sharp increase in Wallis and Futuna Islands and that of newly designated forests by Australia, New Zealand and Tonga in 2010. On the other hand, in South America, forest area in this category showed a decreasing trend because of a substantial decrease from 34% to 20% by Uruguay, and recent small designations in 2000 by French Guiana (2%), and Venezuela (0%).
Coastal stabilization
About 0.83% of global forest area has been primarily designated for coastal stabilization (Table 2 ). Significant temporal increase of percentage to total forest area (P < 0.001) was observed ( Fig. 3 ) and the percentage of Caribbean sub-region was significant higher than that of South America in 1990 and 2000 (P < 0.001) but was not significant in the most recent ten years due to the increase of percentage forest area in South American countries.
Few countries in the regions suffering disasters by cyclones, hurricanes, and typhoons, such as Cuba and Jamaica in Caribbean or Bangladesh in South Asia have primarily designated forests for coastal stabilization. Globally, Cuba with its long coastal length has the highest percentage of forest area devoted to coastal stabilization (18-19%) (Table 3) . Lithuania ranks second at about 8%.
Global protective forest area
Report year 1990 1995 2000 2005 2010 2015 Protective forest area, % of forest land Fig. 3 . Mean ± std err global protective forest area (as % of forest area) for soil and water resources (main category) and for sub-categories of clean water, coastal stabilization, desertification control, avalanche control, flood control, and other control by report year.
Report year 1990 1995 2000 2005 2010 2015 Protective forest area, % of forest land Fig. 4 . Mean ± std err global protective forest area (as % of forest area) for delivery of ecosystem services (main category) and for sub-categories of public recreation, carbon storage, cultural services, and other services by report year. (2015) See the 2nd and 3rd ranked and subsequent countries in the 'Country sorted' sheet of the supplemental table.
However, many island countries have not always primarily designated forests for that function. The other 26 countries designated less than 10% of total forest area to protect against coastal erosion. Among them, Russia designated 24.3 mil. ha (3.0% of total forest area) forests for coastal stabilization, which occupied 90.5% of global total forest area in this sub-category as of 2015. However, Russia has not shown an increasing trend in coastal forest protection in terms of percentage of total forest area. Other relatively small countries in the Caribbean, South and Southeast Asia regions and other European countries have contributed increased percentages of total forest area to coastal stabilization.
Desertification control
Relatively few countries have protective forests designated for desertification control. All are in arid regions mainly in parts of Africa and in central Asia. About 3.6% of global forest area in the form of protective forests has been used to check the advance of desertification with no significant trend since 1990 (Table 2 and Fig. 3) . Uzbekistan, an arid region country in central Asia, has the highest areal extent of forest land designated to arrest the process of desertification (80%) ( Table 3) . Some other arid region countries designate at least 10% or more of their forests to control desertification (e.g., Mauritius, Mauritania, Oman, Sudan, and Tajikstan). Neither regions nor domains were significantly different regardless of expressing protective forests for desertification control as % of land area, % of forest area, or on a per capita basis.
Avalanche control
About 0.36% of global forest area is primarily designated for avalanche control (Table 2) . Tajikstan, a mountainous country also in central Asia, has designated 14% of its forests for avalanche control to protect villages and transportation corridors (Table 3) . Switzerland, another mountainous country, ranks second at about 7%. Other countries that designate forests for avalanche control use less than 0.1% of their forests for that purpose. Obviously, the need for this category of protected forests depends largely on the climatology, that is, presence of large and deep layers of snow cover and the topography of the countries. The designation of a forest under this category depends also on the potential avalanche risk to populations and human assets. This is thus a very specific category of protected forests that is present in very few regions and countries in the world and has changed little during these 25 years (Fig. 2) .
Flood control
The global mean of percentage of forest area managed for erosion and flood protection has been the largest of ca. 5.1% among this primarily designated sub-category of protection of soil and water (Table 2 ). Global protective forests designated for erosion and flood protection have increased three times from ca. 7.0 mil. ha (0.17% of global total forest area of 20 countries) in 1990 to 23.8 mil. ha (0.6% of 32 countries) as of 2015 (Fig. 2) . The flood control and clean water protection sub-categories have the largest number of reporting countries (32) ( Table 1 ). This rapid increase was due to the increase in Russia in 1990s and is also due to the increase of reporting countries in the 2000s. Countries in temperate to sub-tropical and tropical domains designated larger forest area for erosion and flood control, such as Timor-Leste (32%) (Table 3) , Austria (30%) and Switzerland (28%) as of 2015. Tajikistan, a semi-arid country, also designated a high percentage of forest area (25%) for erosion and flood control.
Other control
About 3.1% of global forest area has been primarily designated for other controls within the protective forest soil and water control category (Table 2) . No overall global trend in protective forests for other control has been observed (Fig. 2) . We note that FAO allowed countries to report a forest area of 'other control' by subtracting the sum of forest area of sub-categories from the forest area of the soil and water protection main category. More than half of all countries reported an identical number of the ratio of the sum of forest area of sub-categories to the forest area of soil and water protection main category. Thus, many countries reported the 'other control' sub-category by means of data subtraction.
Protective forests for ecosystem services
Globally, as of 2015, about 1.018 billion ha of forest (25.4% of global total forest area) has been designated for ecosystem services, which is almost the same percentage as global protective forest area for soil and water resources ( Table 2 ). Forest area devoted to ecosystem services has continuously increased over the past 25 years mainly because of the increasing number of reporting countries (Table 1 ) and because of a few countries with distinct net increase of forest area for ecosystem services (e.g. China, Russia, and Ecuador). Of this total forest area managed for ecosystem services, about 48.5% as of 2015 (0.493 billion ha) has been primarily designated for sub-category of public recreation, carbon storage, spiritual/cultural services, and the other services. The average percentage of forest area managed for ecosystem services has not changed from around 29.8 ± 0.6% during this period (Table 2) . However, the proportion of accumulated forest areas primarily designated for delivery of ecosystem services subcategories was 4.5% in 1990, and then distinctly increased up to 12.3% as of 2015. This increase is about two times larger than the increase in the proportion of accumulated forest areas primarily designated for protection of soil and water.
Canada and United States of America in North America are the top two countries that have the largest forest areas designated for ecosystem services. Canada designates 93% of its total forest area and the United States of America designates 100% of its forests for ecosystem services as of 2015. These two countries also designate high percentages for protective forests of soil and water (Canada, 91%; USA, 61-68%). Another eight countries also designate more than 90% for both two main categories. As a natural consequence, almost all forests for both categories overlap. A definition modification of removing the definitive adverb 'primarily' shifts these countries designation percentages from one end of the percentage scale to the other. Thus, the primary designation issue remains a difficult problem for tracking changes through time.
Percentages of total forest area designated for ecosystem services have not shown significant differences in terms of global regions, climatic domains, or time. Other variables in the FRA dataset such as production forest area, cumulative forest area damaged by outbreaks of insects or disease, or forest areas with management plans, and economic value data on a per capita basis did not have any statistical relationship with forest areas designated for ecosystem services also expressed on a per capita basis. Changing trends also did not any relationships with any of the above variables.
Public recreation
About 4.3% of global forest area is primarily designated for public recreation (Table 2) . Forests devoted for public recreation are located in all the regions and sub-regions except North America. The number of reporting countries for this sub-category has been increasing for 25 years, and it was the largest among ecosystem services sub-categories (42 countries reporting more than 0 ha out of 65 total reporting countries as of 2015) ( Table 1) . Most of protective forests for public recreation are located in South America (43%), Oceania (33%) and Europe (20%) as of 2015. South America, Oceania and Central America were sub-regions which rapidly expanding its recreational forests. Among all the countries, Saint Lucia has designated the highest percentage of its forest area for public recreation (29-31%) ( Table 3) . Australia is next highest at 21-25% (2010) (2011) (2012) (2013) (2014) (2015) . Forest areas in North America are unquestionably used for public recreation. However, this reported data situation is because of the 'primarily designated' constraint for sub-categories.
Carbon storage
About 1.3% of global forest area was designated for carbon storage in 1990 and this has increased to 5.3% as of 2015 (Fig. 4) . Saint Pierre and Miquelon, a self-governing French-aligned territory off the coast of Newfoundland, Canada, designated 100% of its forests for carbon storage -the only country or territory to so designate thus far (Table 3) . Iceland is next highest at 28-37% for 2000-2015. The increasing trend is a very positive development for global forests to have an increased role in sequestering more carbon in the future (Fig. 4) . However, very few (ten) countries, which was the smallest number among four sub-categories of ecosystem services, reported forest area of more than 0 ha for carbon storage as of 2015 (Table 1 ). The total global forest area in this sub-category was 12.5 mil. ha (0.3% of global total forest area). Carbon storage has been by far the smallest primarily designated sub-category of ecosystem services (Table 2 ). Because of the limited dataset, it is difficult to produce a robust statistical analysis.
Cultural services
Forests are an important cultural service resource for many countries. About 1.9% of global forest area is primarily designated for cultural services ( Table 2 ). The forests in this category are distributed in all regions of the globe, except for the African continent. Most protected forest for cultural services are located in South America (48%) and North America (32%) as of 2015. The most noticeable increase in protected forest areas for cultural services occurred in South America, from approximately 11 mil. ha (2.1% of total forest area) in 1990 to 108 mil. ha (16.0%) as of 2015. This sharp increase was driven by a significant enlargement of cultural services areas in Brazil (2-21%), which correspond to approximately 97% of the protected areas in the region. Likewise, most of the protected areas in the region of North America are in the USA (21.0% of total forest area) and Canada (2.0%) where figures have been fairly stable since the 1990s. Significant protected areas for cultural services are also present in Oceania (35% of Australia), which contributes 19.3% as of 2015 to the global figure for this category. Australia began using the primary designation of forests for cultural services in 2000 as the first country in the region to do so. Europe (0.6% of global total forest area) and Asia (1.5%) has contributed to this sub-category in small percentages. The largest global total forest area (5.7%, 226 mil. ha) designated for cultural services among four sub-categories is a consequence of the contributions by a few large countries.
Other services
About 2.0% of global forest area has been designated by countries for delivery of other (unspecified) services (Table 2) . No overall global trend has been observed in the past 25 years (Fig. 4) . As of 2015, Australia now has the highest percentage of forest area devoted to protective forests for other services (Table 3 and discussion below).
Case study countries
Kenya (Africa)
Forest area of Kenya occupies only 7.8% (4.4 mil. ha) of total land area as of 2015 and 70% of land area is grassland (FAO, 2014e). Kenya has designated all forest areas for the protection of soil and water and ecosystem services and cultural and spiritual values for all 5 reporting years. Thus, areas of protective forests change are linked with total forest area. Kenya had decreased forest area in 1990s due to degazettement of forestland to open up areas for agricultural land (FAO, 2014e). Since 2000, there is an increase in forest area both in gazetted and non-gazetted areas due to rehabilitation of degraded forest, especially through carbon credit schemes (Ministry of Environment, Water And Natural Resources, 2014), not reaching, however, the values of 1990. No sub-division was made of the different protection objectives.
China (Asia)
China has dramatically expanded its protective forests over the past 25 years from 18 mil. ha to 58 mil. ha as of 2015 (Fig. 5) . The proportion of protective forests to total forest area increased from 12% in 1990 to 28% as of 2015, which is also associated with the increase in total forest area (Fig. 5) . This incredible increase contributed a percentage increase in the proportion of protective forests for soil and water resources in East Asia compared to a global no percentage change.
According to the national report on sustainable forest management in China (State Forestry Administration, 2013), areas suffering from soil erosion at the end of 1990s extended to 356 mil. ha and the amount of annual soil losses amounted to 5 billion tons. Water erosion covered 165 mil. ha, and wind erosion damaged 191 mil. ha. The degradation of forests in China had continued for several decades until 1990s, owing to rapid population growth coupled with the over-exploitation of forest resources, and subsequent cultivation on steep slopes (Wenhua, 2004) . This caused serious frequent natural hazards and disasters and produced vast human and economic loss. The Chinese government launched a series of top-to-bottom afforestation projects and implemented natural forest conservation projects, and increased shelter forests associated with total forest area (State Forestry Administration, 2013 Greater parts of shelter forests are for water supply conservation forest (30.6 mil. ha) and water and soil conservation forest (43.7 mil. ha), whereas 3.0 mil. ha are for windbreak and sandfixing forest. Although the area of shelter forests for arid and semi-arid region is not large, it is apparent that many forests are explicitly managed to control desertification in China, but were not reported in FRA 2015. China stated that it did not report sub-categories of protection of soil and water because of difficulties of translation between the designation system of FAO and that of China own (FAO, 2014d).
Russian Federation (Europe)
Russian territory spreads over the most northern part of the north hemisphere. Thus most Russian forests are located in the boreal domain (88%) (FAO, 2014f) . About 50% of land area is covered by forest (815 mil. ha, the world's largest) as of 2015. Russia designated forests by its own classification system, as four main categories: protected forests (2.2%), protective forests (24%), operational forests (50.9%) and reserve forests (22.9%) in 2013 (FAO, 2014f) . Protected forests (18 mil. ha) and protective forests (215 mil. ha) correspond to FRA protective forests and conservation forests for biodiversity (main category 6). Russia reclassified and divided these two national categories of forests to adapt FRA definitions of protective forests for soil and water (FAO, 2014f) .
According to the new FRA 2015 dataset, forests designated for the protection of soil and water have increased from 7.3% (59 mil. ha) in 1990 to 10.6% (86 mil. ha) as of 2015 (Fig. 6) . However, Russia did not show the details of the calculation in the country report (FAO, 2014f) . The area under this category comprises forests for clean water protection, coastal stabilization, and flood control (Fig. 6) . While small change occurred in area designated for coastal stabilization, protective forests for clean water increased from 4.1% (33 mil. ha) to 6.3% (52 mil. ha) in the period. The most notable increase in the allocation of protective forests is evidenced for erosion and flood protection; the forest area in this category grew from 0.2% (1.6 mil. ha) in 1990 to 1.3% (10.4 mil. ha) as of 2015 (Fig. 6) . Forest designated for the protection of ecosystem services, cultural and spiritual values increased from 9.1% (74 mil. ha) in 1990 to 13.4% (109 mil. ha) as of 2015 (Fig. 6) . It is interesting to note that the forest designated for public recreation has significantly decreased in the period 1990-2000. In any case, a slight change of percentage for a sub-category in Russia strongly affects any increase or decrease in trend for Europe and even influences the entire global forest assessment as we can see for clean water or flood control.
Canada (Americas)
Canada has reported all publicly owned forests as designated for protection of soil and water (FAO, 2014c) . At 347 mil. ha (2015 report year), Canada ranks 3rd globally (behind Russia and Brazil) in terms of total forested land area (38% of total land area in Canada is forested). Despite ranking 3rd in total forest area, Canada leads all nations in terms of total forest area designated for protection of soil and water resources (317 mil. ha as of 2015). Canada reported protective forest area in both main categories -soil and water protection (91.4% of forested land area in all report years) and ecosystem services (93.4% of forest area in all report years). Canada only reported protective forest areas in the cultural services sub-category (about 2% of forest areas).
Australia (Oceania)
Australia (2015 report year) has a total forested land area of 124 mil. ha (16% of total land area) and ranks 7th behind China and Congo. It has reported protective forest area in the two main categories -soil and water protection (23.9% of total forest area as of 2015) and ecosystem services (98.4%) (Fig. 7) . Australia is one of the largest dry continent in the world. Most of Australia's land area is classified as rangelands, which encompass some 75% (570 mil. ha) of the continent. One third of the continent has extremely low and variable stream-flow compared to other continents and large areas of the arid hinterland produce almost no run-off. For these reasons, Australia's population is concentrated within 100 km from the coast and much of Australia's drier hinterland is minimally managed.
Public forest excluded from wood harvesting is 29 mil. ha as of 2015. Public forest comprised almost entirely native forest includes forests managed for soil and water protection and ecosystem services, which has remained relatively stable in these reporting period (SOFR, 2013). Australia's forest area designated primarily for protective functions include various public nature conservation reserves. Not all sub-categories of soil and water protection or ecosystem services have been included in any reporting year. Though Australia operates indeed dune protection program for coast care, integrated package for desertification control and managements for erosion and flood controls, it has not provided nationally inconsistent information for these functions (FAO, 2014b) .
Ownership of forests affects designation of protective forests in Australia. Importantly, forest areas in public nature conservation reserves are 'managed primarily for protective functions', which includes the conservation of biodiversity as well as protection of soil and water values. It is worth noting that, across most of Australia's forest management jurisdictions, the preservation of soil and water is usually one of several forest management objectives included in the management of multiple-use public forests. Fig. 6 . Mean ± std err protective forest area (as % of forest area) for soil and water resources (main category); for sub-categories of clean water, coastal stabilization, desertification control, avalanche control, flood control, and other control (top); for ecosystem services (main category); and subcategories of public recreation, C storage, cultural services, and other services (bottom) for Russia by report year.
Protective forest functions and services in Russia
Discussion
Global trends of protective forests and selected ecosystem services
Despite a net loss of global forest area over the past 25 years, forest area devoted to protection of soil and water resources has increased by 22%, mostly due to an increase in reporting countries. Some sub-categories such as clean water, flood control, public recreation and cultural services showed clear increased trends both in terms of percentage of total forest area (Figs. 3 and 4 ) and the number of reporting countries (Table 1) . These global trends provide evidence for the continuing increase of public awareness of multiple functions of forests. Various fronts of international cooperation for sustainable forest management, such as regional initiatives (ITTO, FE, MP 1 etc.), UNFF 2 , criteria and indicator development (Raison et al., 2001; Diaz-Balteiro and Romero, 2008) and forest certification (Rametsteiner and Simula, 2003; van Kooten et al., 2005) have initiated the current trend associated with UNFCCC and CBD. However, globally, there have been no significant changes in the average of percentages forest area designated for protective forests or ecosystem services. In addition, dual-peak end member distributions of percentages of protective forests or ecosystem services were far from a common one peak natural distribution around a mean. A designation of a forest for protective or ecosystem services purposes could introduce some regulation of productive forest use. Some political regulations or measures likely affect this distribution although we could not clarify the exact reason. A government could hesitate to designate or increase protective forests in such a situation. For instance, stakeholders of forests in the country which has a regulation against production activities may hesitate to designate protective forests. In the opposite case, they have no reason to hesitate to designate 100% of their forests as protective forests. Historical development of forest ownership may also influence this situation such as in Canada or Australia. For example, in Australia, significant proportions of multiple-use forests are informal reserves where wood harvesting is not permitted. In addition, differences among state-based jurisdiction rules in Australia could be obstacles to adjust a unified reclassification of multiple-use forests within one country. Such possible political considerations influencing the designation of protective forests are apparent from country reports for FRA 2015 and other country reports from the Montreal Process for four countries, China, Russia, Canada and Australia. Those countries reports are indispensable sources of understanding the multiple functions of forests in each country.
Although we could not find by SAS GLIMMIX analysis any clear factor affecting percentages of forest area designated for protective functions on a global basis, dramatic change has occurred in China. This Chinese case is not necessary a special case. Excess deforestation has brought about decline of societies (Perlin, 1989) . This could happen to other developing countries by rapid increase of its population. A relevant lesson for forest management is how we can set a level of protective functions of forests to maintain sustainable forest management to prevent severe erosion and sediment transport disasters for food production and social infrastructure.
The current reporting of FRA for protective functions or delivery of ecosystem services requires designation of forest areas by governments. No information about the effectiveness of forest protective functions is provided. In the case study of China, one of the current concerns is a verification of actual functioning or effectiveness of increasing protective forests. There are now two challenges in this regard -demonstrating prevention of forest degradation by encroaching sand dunes by means of shelter belts, and not demonstrating its effects (Wang et al., 2010; Yu et al., 2006) . Detecting actual change of functions and services could be the next challenge for China to fully utilize FRA. If a future FRA report challenges countries to assess forest protective functioning with measureable variables, this could fill this knowledge gap. To cite a case, a global review of relationships between thinning or clear cutting and water yield (Bosch and Hewlett, 1982) should be a good example. We can introduce such relationships between forest managements and various kinds of functions into FRA reporting.
FRA definitions and reporting multiple functions
We found both improvement and problems in the reporting variables of ''Topic III: Protective functions and selective ecosystem services'' in FRA 2015. The improvement was a modification of definition by removing the word 'primarily designated' for the two main categories (5.1 Protection of soil and water, 5.2 Ecosystem services, cultural or spiritual values). This likely produced reported data that was a more accurate reflection of forest protection classifications around the world. The main problem was an insufficient framework for reporting functions of forests. Before we discuss this in detail, we describe the change of definition in recent FRA.
Changes in the past few decades to FRA by FAO have paralleled the global trend of increasing the importance of multiple functions of forests other than production. FAO first introduced a concept of protective forests for soil and water in FRA 1990 (FAO, 1995 . However, FRA had not advanced the concept of protective forests as reporting items in subsequent reporting years of 1995 (FAO, 1997 , 2001 (FAO, 2010a) , the United States of America did not report in the category of 'primarily function as' and no primarily designated protective forests were reported for the North American sub-region. Reasons how and why this was done were described in the main report of FRA 2010 (FAO, 2010b . This potentially-misleading definition was modified in FRA 2015. The word 'primarily' designated was not used for the two main categories of protection of soil and water and selected ecosystem services and was applied only to sub-categories. In consequence, the global level of protective forests as a proportion of total forest area abruptly jumped to 25.1% in FRA 2015 from 8% in FRA 2010. Sum of forest area of primarily designated sub-categories of protection forest in 2010 was 369 mil. ha (9.2% of total forest area) in FRA 2015 report. This shows a fairly good correspondence to 8% in FRA 2010 report considering that each country was allowed and encouraged to make a retroactive modified report in previous reporting years of 1990 to 2010.
The problem of 'primarily' designated for protective forests for soil and water has been resolved as described above for the two main categories. However, the overall strategy of how FRA reflects multiple functions of forests still lacks consistency and harmonization across reporting periods. Ecosystem services of forests are divided into conservation of biodiversity (FRA 2015, Table 6 ) and other services (FRA 2015, Table 5b ) (FAO, 2014a) . Carbon storage or sequestration is assigned a sub-category of selective ecosystem services, though biomass carbon and below ground carbon are reported within the main category of production (FRA 2015, Table 3e ). In the meantime, there is an opinion such as that of China (FAO, 2014d) and Russia (FAO, 2014f ) that all forests make a significant contribution to carbon storage or sequestration because every forest provides a function of carbon sequestration to some extent. Variables reporting multiple functions in FRA 2005 and 2010 showed a clear stance of FAO to report the multiple functionality of forests within a table even if it introduced a new problem as described above. However, in FRA 2015, FAO separated a part of forest functions into three different tables (4. production, 5. protection, 6. biological conservation). Thus, the FAO approach to understand multiple forest functions was still developing.
Forest Europe (FE), the pan-European political process for the sustainable management of the continent's forests, has also been facing to this kind of dilemma of designation between a primary function and multi-functionality of forest. MCPFE, the predecessor of FE, introduced general principles to designate protective functions with legal basis, long-term commitment and explicit designation of biodiversity, landscape, specific natural element or protective function of forest and other wooded land (MCPFE, 2003) . This exclusive designation rule for protective functions is similar to the definition of FRA 2005 (FAO, 2004a . This kind of designation scheme was intended to be shared internationally in early 2000's. However, FE also could not completely overcome the problem of overlapping designation for protective forests. FE had to acknowledge that there exists overlapping designations of indicators 5.1 Protective forests of FE -soil, water and other ecosystem functions and 5.2 Protective Forest -infrastructure and managed natural resources in 2011 (MCPFE, 2011) . Thus, we can say that there still exists potential to further develop the framework of definitions for reporting multiple forest functions to establish long-term robust variables as a whole forestry sector. Tracing and examining details of recalculation formulas and comments for the three Tables 4-6 of FRA 2015 would be a good start. We could learn from the diversity of the methods and original definitions for designation of protective forests in each country as we illustrated with the five case study countries. On the other hand, movement of developing tools for sustainable forest management is a sweeping trend of forestry sector. Regional initiatives such as ITTO, FE, MP have lead the establishment of criteria and indicators (McDonald and Lane, 2004) . Strengthening collaborations with those activities would also be another effective solution for this issue. The beginning of such international collaboration has been seen in the partnership activities of the Collaborative Forest Resources Questionnaire (MacDicken, 2015) for FRA 2015. The overall strategy of FRA for reporting multiple forest functions should be reconciled and improved.
Data quality
These are largely qualitative designations that while providing a guide to overall data quality, do not facilitate a more quantitative assessment of data reporting errors. For protective forests for soil and water resources, tier 1 countries (least reliable data quality) outnumber tier 3 countries (most reliable data quality) by a large margin (Table 4 ). For example, there are twice as many tier 1 countries in the protective forests for soil and water category as there are tier 3 countries. Only about 59% of all countries have tier designations for the soil and water resources protective forests category. Only 35% of all countries have assigned data quality tiers in the ecosystem services delivery category. For future editions of FRA, we recommend a renewed emphasis on encouraging countries in the lowest tier 1 to take steps to move to tier 2 and tier 2 countries to move to tier 3. In the current FRA reporting cycle, only about 18% of reporting countries are in tier 3 for the protective forest category and only about 13% are in tier 3 for the ecosystem services category. Table 4 Numbers of countries (% of total countries) in each data reliability tier for the main protective forest categories of soil and water resources and ecosystem services. Tier 1 = least reliable data quality, tier 2 = moderately reliable data quality, tier 3 = most reliable data quality.
Domain
Soil and water resources Ecosystem services All but 10 countries and territories report forest area greater than 0 ha. Half the world's countries now report some forest area (>0 ha) for protection of soil and water resources (117 in 2015) (Table 1 ). Only about a quarter of all countries (28%) have actual forest area (>0 ha) reported for ecosystem service delivery. In all the protective forest and ecosystem service sub-categories, the number of reporting countries is a minor fraction of all possible reporting countries. It ranges from as few as 6 countries with protective forest areas designated for avalanche control in 2015 to 42 countries reporting forest area for public recreation in 2015. Because of the low numbers of reporting countries with hectares >0 in each of the sub-categories, both the total forest area and percentages of forest area designated as protective forests remains small on a total global basis. There is opportunity for expansion in many of these protective forest sub-categories.
Conclusions
FRA was originally founded to build a global inventory of forest resources as the name implies. The global community has come to expect FRA to report forest functions and services other than forest productivities towards the end of the 20th century, where threats of global warming and degradation of biological diversity to human societies became obvious (McCarthy, 2001; WHO, 2005; Kirilenko and Sedjo, 2007) . We cannot assess FRA data as a controlled watershed experiment like Bosch and Hewlett (1982) . However, FRA data include above and below ground biomass and carbon. Forest soil carbon storage, for instance, could be a good indicator of a development and maturing of a forest ecosystem (Post and Kwon, 2000) . FRA 2015 started to provide information about data quality using the tier concept of assessment. We now have foundational information from FRA to assess forest functions, which can lead to implementation of sound forest management. What has happened in the forests of China or Russia where protective forests have increased rapidly? Are the changing directions and strengths in those countries different from changes in Canada where a stable forest management has persisted? Although beyond the scope of this paper, this type of analysis incorporating socio-economic variables in FRA may spur further investigation.
FRA is likely the only and largest database with which we can conduct analysis of the relationships between forest managements and forest functions. We can say that FRA 2015 has succeeded in building a long-term forest database having both socio-economic and environmental aspects. This could be a good start point for a global database for evaluation of the humanities and sciences of the environment. Maintaining and improving this database would contribute immeasurably. Linkage between forestry and social sciences such as environmental economics or behavioral economics would be primarily of importance to utilize FRA data for functional assessment of forest. Devising a sophisticated handling scheme for multiple functions of forest and introducing measurable variables to assess exact functioning of soil and water protection or ecosystem services would provide a breakthrough for sustainable forest management. Improving reliability of reporting through capacity building should be the minimum requirement for future FRA reports. Fostering the database with a long-term strategy is one of the most important missions of the forestry sector.
